The Bair Hugger system is a new and highly effective active patient warming system which produces a layer of warm air between the patient and the warming system. We report an instance of marked softening and distortion of a polyvinyl chloride tracheal tube caused by this layer. We also present laboratory data indicating that this is a likely problem under routine theatre conditions, with suggestions for prevention. (Br.
A 61-yr-old man was given a general anaesthetic for left ilio-femoral arterial grafting. He weighed 67 kg and was classified as ASA III because of peripheral vascular disease limiting his exercise tolerance. After i.v. induction of anaesthesia and neuromuscular block, his trachea was intubated with an uncut polyvinyl chloride tube (Mallinckrodt Medical, "Lo-Pro" Magill, 32 cm length, internal diameter 8.0 mm). The tube was connected to a lightweight disposable ventilator system (Armstrong Medical Services Quality Disposable Systems) through a heat and moisture exchanger (HME 10, Pharma Systems AB), forming part of a circle system. The combined total weight of these connections was 275 g, measured by a Mettler PC 24 electronic balance (Mettler Instruments, Zurich). Intermittent positive pressure ventilation was commenced with the following ventilator settings: tidal volume 700 ml, ventilatory frequency 8 bpm and inspiratory flow 30 litre min
91
. The "Torso" attachment of the Bair Hugger active patient warming system was attached to the patient, and a model 500 E warming unit (Augustine Medical Inc.) connected and switched on at the 43 ЊC setting.
Thirty five minutes after surgery commenced, the tracheal tube was noted to have moved from its original vertical attitude to the position shown in figure 1 . There was a marked kink in the tube at the corner of the mouth and ventilator peak inflation pressures had increased from 18 to 35 cm H 2 O. As the ventilator alarm had been set too widely, responding to peak airway pressures less than 10 and greater than 60 cm H 2 O, no alarms were activated. Total obstruction did not occur because of early observation of the problem. To correct the situation, the tube was cut to 22 cm, leaving nothing outside the mouth. The temperature beside the bent tube, with the warm air system working, was 40 ЊC, as measured using a thermocouple with internal electronic calibration (Hewlett Packard Met 530, HP 21075 A).
LABORATORY STUDY
It was clear that the dangerous tube distortion we had observed was an effect of thermal softening. As active patient warming is in daily use at our institution and as leaving polyvinyl chloride tracheal tubes uncut and self-supporting is common practice, we contacted the tube manufacturers to see if they had any data on thermal softening of their product. Their data related to normal body temperature ranges only. We performed some simple bench tests to investigate the problem. Figure 2 shows the test apparatus used to simulate theatre conditions. It shows a water bath with a tracheal tube anchored in the water and fixed at its other end to some ventilator system tubing and a heat and moisture exchanger. The height of this end of the tube was measured using a fixed vertical scale. A Bair Hugger patient attachment was draped over the tracheal tube and water bath. Tests were carried out in an air conditioned operating theatre with the doors closed. All temperature measurements were made using the same thermocouple thermometer with internal calibration (Hewlett Packard M1029 A). The mean response time for this probe to register stable readings over the full range of temperatures used in the tests was 135 s, measured over five cycles. Calibration of the probe was verified against a platinum resistance wire thermometer in the Process Control Calibration Laboratory at British Steel, Scunthorpe. This instrument is checked regularly by the National Measurement Accreditation Service. Air temperature measurements were made by exposing the probe in the room, 100 cm from the apparatus. Water bath temperature measurements were made by suspending the probe in the water bath, at least 5 cm clear of the heating element.
METHODS
The temperature at the tracheal tube was measured by fixing the probe 1-2 cm from the tracheal tube connector, beneath the heating blanket. The probe was not fixed to the tube itself. Missing temperature measurements in the data tables were caused by delays in obtaining stable, equilibrated temperature readings from the probe.
The water bath represents the patient in this simulation. It was kept as close to body temperature as possible during each test. Each tracheal tube was anchored to the bottom of the bath by passing its distal end through a heavy lithotomy pole bracket and to the side of the bath by adhesive tape. The same system and humidifier described in the case report were attached to the end of each tube. The humidifier was dried between tests. Measurements of deformation were made by noting the starting position on a vertical scale of the lowest point of the tube connector and measuring it again at the end of the test (fig. 2) . It was thought that the arc described by this point would be very similar in length to the vertical distance measured, as the radius of the circle of motion was large in relation to the measured movement. During all measurements, a "Torso" Bair Hugger attachment was draped over the water bath and the tracheal tube under test. This was connected to a Model 500E warming unit. For 50% of the tubes from each batch, the warming unit remained switched off (group C). For the other 50% it was turned on at the maximum setting at the start of the test and left on for the duration of the test (group H). Twenty tracheal tubes were tested. They were 8.0-mm internal diameter "Lo-Pro" tracheal tubes manufactured by Mallinckrodt Medical, catalogue number 102.80 (as was the tube described in the case report). The batch number of the first 10 sample tubes were 12.94 4692 and of the other 10, 02.95 5654. Five tubes from each batch were used in each test group. For each tube, measurements of temperature adjacent to the tube under the Bair Hugger attachment were made at zero, 15 and 30 min from the start of the test. Measurements of water bath temperature and tube deformation were made at 15 and 30 min into the test, and room temperature was measured at 15 min (table 1) .
RESULTS
The Student's t test was used to analyse the data. Table 2 shows the results. There were no significant differences between the water bath temperatures and room temperatures recorded in the two groups. Mean tracheal tube deformation was significantly greater (P:0.001) in group C (7.5 mm) than in group H (21 mm). The tubes in group H were deformed to a greater extent.
Discussion
Active patient warming using a forced-air mattress system is a widely used and well documented technique for routine theatre purposes. [1] [2] [3] The system is relatively new and research has focused largely on comparison with existing or alternative warming techniques. 1 4 Apart from routine manufacturer's warnings, we were unable to find any published data on potential hazards.
In this case report, we noted marked thermal softening of a polyvinyl chloride tracheal tube caused by exposure to the warm air layer produced by a Bair Hugger active patient warming system. Our laboratory data indicated that this is a likely occurrence under routine theatre conditions. In summary, tracheal tubes were warmed markedly when a Bair Hugger warming apparatus was used. The tracheal tube softening that this produced presents a threat of obstruction to the tube. The use of uncut PVC tubes is not recommended when this warming system is used. If uncut tubes are used, they must be supported adequately. High and low thresholds of pressure sensitive ventilator alarms must be set close to peak inflation pressure to give immediate warning of any obstruction. 
